We review the status of global fits to electroweak precision observables and Higgs boson signal strenghts. Model-independent bounds on new physics contributions are derived in several setups: non-standard oblique corrections, modified Zbb, HVV and H ff couplings as well as generic contributions of dimension-six operators to the Standard Model Lagrangian. The constraining power of electroweak precision observables and Higgs boson signal strenghts is discussed.
Introduction
Electroweak precision observables (EWPO) are a powerful tool for indirect searches of new physics (NP) beyond the Standard Model (SM). Indeed electroweak (EW) precision fits were able to anticipate the top and the Higgs masses before they were discovered. Now that the SM particle mass spectrum is complete, we can fully exploit the potential of EW precision fits in looking for NP.
Besides the EWPO, the discovery of the Higgs boson H brings into the game new observables related to the Higgs boson couplings to vector bosons and fermions. Indeed the study of the properties of the Higgs boson discovered at the LHC, in conjunction with improved fits to EWPO that take into account recent progress in theoretical calculations and experimental measurements, offers a very constrained framework to explore new physics effects in the EW sector.
In this Proceedings we present an update of our Bayesian global fit of the EWPO and the Higgs signal strengths [1] [2] [3] performed using the HEPfit package 1 .
In particular, we study NP contributions to EWPO in a model-independent way by using S, T , U oblique parameters [4, 5] , epsilon parameters [6] [7] [8] , and modified Zbb couplings. Moreover, we put bounds on the scale factors κ V and κ f multiplying the HVV and H ff couplings to EW vector bosons (V ) and fermions ( f ) respectively using both EWPO and Higgs signal strengths. Other recent EW precision fits can be found, e.g., in refs. [9] [10] [11] [12] [13] .
Finally we consider the effective Langrangian approach where NP contributions come from higher-dimensional operators. We fit the Wilson coefficients of dimension-six operators from the EWPO and Higgs data and translate the results into lower bounds on the NP scale. The effective Lagrangian approach in this context has received a lot of attention in recent years and several studies can be found in the literature [2, 3, 12, .
Standard-Model fit
In table 1, we present the EW precision fit of the SM with five inputs (M Z , m t , M H , α s (M 2 Z ), ∆α (5) had (M 2 Z )) and fifteen EWPO as constraints. Details on the analysis can be found in refs. [1, 2] . The costraining power of the EW fit is dictated by the experimental uncertainties, as theory uncertainties are expected to be subdominant at present [59] . Compared to our previous analysis [2] , we updated the value of the Higgs mass m H = (125.09 ± 0.24) GeV [60] , whose precise determination has however little impact on the EWPO.
The top-quark mass is one of the most important parameters entering the EW fits. The improvement expected from the LHC will push forward the NP sensitivity of the EW precision tests. Yet, the pole mass of the top quark reported by the hadron-collider experiments is subject to ambiguities due to the actual mass definition and other technical details of the Monte Carlo programs used in experimental analyses [61] [62] [63] , as well as possible higher-twist effects in the observables from which the top mass is extracted. It is believed that the ambiguity is at the level of hundreds MeV. This year, new determination of the top mass from ATLAS (172.99 ± 0.48 ± 0.78 GeV) [64] , CMS (172.44 ± 0.13 ± 0.47 GeV) [65] , and from the Tevatron experiments (174.34 ± 0.37 ± 0.52 Table 1 : Experimental value, SM fit result, prediction and pull for input parameters and EWPOs. Fit predictions are fitted values obtained without using the corresponding experimental information; pulls are the difference between fit predictions and measurements in units of standard deviations.
GeV) [66] have been presented. However, no official combination is available yet and we decided against using a naïve combination as the precision reached is approaching the uncertainty introduced by the ambiguity in the mass definition, requiring careful control and deep understanding of the experimental analyses in order to produce a solid result. Therefore, in the fit presented here, we stick to last year LHC-Tevatron combination m t = 173.34 ± 0.27 ± 0.71 GeV [67] .
The globlal results of the fit in table 1 displays a general agreement of the EWPO with the SM predictions. The only deviations worth mentioning are the long-standing ones found in A and A 0,b FB , which are off by −1.9σ and +2.8σ respectively.
Non-standard oblique corrections
In this section, we present results of the fit for the oblique parameters S, T , and U introduced in ref. [4, 5] . Those parameters account for NP effects in the vacuum-polarization amplitudes of the EW gauge bosons. When the EW symmetry is realized linearly, U is expected to be smaller than the others. The EWPO considered here depend on the three combinations of the oblique parameters
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Fit result Correlation Matrix S 0.08 ± 0.10 1.00 T 0.10 ± 0.12 0.85 1.00 U 0.01 ± 0.09 −0.48 −0.79 1.00 
Fit result
Correlation Matrix S 0.08 ± 0.09 1.00 T 0.10 ± 0.07 0. 87 1.00 introduced in ref. [1] . We summarize our results in tables 2 and 3 and in fig. 1 . S, T , and U are well compatible with zero: no evidence of NP in oblique corrections is found. Next we consider the ε i=1,2,3,b parameters introduced in refs. [6] [7] [8] . Unlike the S, T , and U parameters discussed above, the epsilon parameters involve SM contributions associated with the top quark and the Higgs boson, SM flavour non-universal vertex corrections, and further vacuumpolarization corrections [68] . Since the SM is now fully known and there is no longer need to disentangle top and Higgs contributions, we separate the genuine NP contribution from the SM one by introducing δ ε i = ε i − ε i,SM for i = 1, 2, 3, b, where ε i are the original parameters and ε i,SM contain the SM contribution only. The expressions of the EWPO in terms of δ ε i can be found in ref. [2] . The results of our fit for the δ ε i parameters are summarized in tables 4 and 5, where δ ε 2 and δ ε b are set to be zero in the latter. The corresponding two-dimensional probability distributions for δ ε 1 and δ ε 3 are plotted in fig. 2 . The results are consistent with the SM.
Modified Zbb couplings
We also consider the case where dominant NP contributions appear in the Zbb couplings. We Table 4 : Results of the fit for the δ ε i parameters.
Fit result Correlations
δ ε 1 0.0008 ± 0.0006 1.00 δ ε 3 0.0007 ± 0.0008 0.87 1.00 Table 5 : Results of the fit for δ ε 1 and δ ε 3 taking δ ε 2 = δ ε b = 0. parameterize NP contributions to the Zbb couplings as follows:
and we present results for both V , A and L, R couplings. Details on the definitions of these couplings can be found in ref. [1] . The EW precision fit finds four solutions for these couplings, but two of them are disfavored by the off-peak measurement of the forward-backward asymmetry in e + e − → bb [69] . In table 6 
Modified Higgs couplings
We consider a general effective Lagrangian for one light Higgs-like scalar field H, assuming an approximate custodial symmetry, flavour diagonal and universal corrections, and no other new light states below the cutoff scale [32, [70] [71] [72] :
where v is the vacuum expectation value (VEV) of the Higgs field, and the longitudinal components of the W and Z bosons, χ a (x), are described by the two-by-two matrix Σ(x) = exp(iτ a χ a (x)/v) with τ a being the Pauli matrices. The deviations in the HVV and H ff couplings are parameterized by the scale factors κ V and κ f respectively, which are equal to one in the SM.
HVV coupling only
Let's first consider the EWPO and the scale factor κ V only. The oblique parameters S and T then receive the following contributions [73] :
where Λ = 4πv/ |1 − κ 2 V | is the cutoff scale of the effective Lagrangian. We present the results of the fit for κ V in table 7 and fig. 4 . The lower bound on κ V at 95% corresponds to a cutoff scale Λ = 13 TeV if κ V is assumed to smaller than 1, Λ = 8.5 TeV if κ V is assumed to be larger than 1, and Λ = 8.6 TeV marginalizing over the sign of 1 − κ V . 2 The fit disfavours values of κ V < 1 (9% 68% 95% Figure 4: Left: probability distribution for κ V . Right: two-dimensional probability distributions for κ V and Λ. The dark (light) region corresponds to 68% (95%) probability. 2 With respect to previous publications [1] [2] [3] , here and in the EFT analysis of sec. 6, we adopt a new procedure to obtain the NP scale Λ from the probability distributions of the NP couplings, detailed in ref. [74] . Figure 5 : Left: two-dimensional probability distributions for κ V and κ f from the fit to the Higgs signal strengths. Contours correspond to 68%, 95%, and 99% probability. Right: constraints from individual channels at 95% probability. probability), expected for example in composite Higgs models. This problem can be alleviated by adding extra contributions to the oblique parameters [75] [76] [77] [78] . In the right plot of fig. 4 , we generalize the analysis allowing for Λ < 4πv/ |1 − κ 2 V |, assuming that the oblique parameters are not affected by the dynamics at the cutoff. We find that κ V is constrained for Λ > 1 TeV.
HVV and H ff couplings
Next we fit both scale factors κ V and κ f to the EWPO and the data for the Higgs signal strengths for H → γγ [79, 80] , H → ZZ [81, 82] , H → W + W − [83] [84] [85] , H → τ + τ − [86, 87] , and H → bb [88] [89] [90] [91] [92] [93] . We do not introduce couplings that are absent in the SM and we assume that there is no contribution from new particles in loop-induced couplings (Hgg, Hγγ, and HZγ). For the definition of the Higgs signal strengths and their relation with the scale factors, we refer the reader to ref. [94] .
In table 8 we summarize the results of the fit for κ V and κ f from the Higgs signal strengths. In the left plot in fig. 5 , we present two-dimensional probability distributions for κ V and κ f . We plot only the region of positive κ V , as the additional solutions are easily found considering that theoretical predictions are symmetric under the exchange {κ V , κ f } ↔ {−κ V , −κ f }. The region with negative κ f is disfavored in the fit. The right plot in fig. 5 shows constraints from the individual decay channels.
We have also considered constraints from the EWPO with the formulae in eq. (5.2). 
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and fig. 6 show that the constraint on κ V from the EWPO is stronger than that from the Higgs signal strengths.
If we rescale the HZZ and HW + W − couplings independently splitting κ V into κ Z and κ W (keeping a unique κ f ), we obtain the results summarized in table 10 and the corresponding probability distributions shown in fig. 7 , which are consistent with custodial symmetry. We have considered only the parameter space where both κ W and κ Z are positive as other solutions can be obtained considering that theoretical predictions are symmetric under the exchanges {κ W , κ f } ↔ {−κ W , −κ f } and/or κ Z ↔ −κ Z , where κ Z can flip the sign independent of κ W since the interference between the W and Z contributions to the vector-boson fusion cross section is negligible. Moreover, we do not fit to the EWPO, since setting κ W = κ Z generates power divergences in the oblique corrections, making them sensitive to the UV completion of the theory.
Finally, we lift flavour universality and introduce different rescaling factors for charged leptons (κ ), up-type quarks (κ u ), and down-type quarks (κ d ), while keeping a unique rescaling factor κ V for both HVV couplings. Again, we show only the parameter space where both κ V and κ are positive as solutions in other regions can be obtained by applying the discrete symmetries κ ↔ −κ and/or {κ V , κ u , Figure 7: Two-dimensional probability distributions for κ W and κ f (left), κ Z and κ f (center), κ W and κ Z (right) from the fit to the Higgs signal strengths. Contours correspond to 68%, 95%, and 99% probability. become stronger as shown in table 12 and fig. 9 . No sign of violation of flavour universality is found in both cases.
Constraints on dimension six effective operators
In the effective field theory (EFT) approach, NP effects are described by higher-dimensional operators suppressed by the appropriate powers of the NP scale Λ. Considering the dimension-six operators, the effective Lagrangian can be written as
where O i are the operators and C i are the corresponding Wilson coefficients that we want to constrain using the EWPO and Higgs data. 
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where τ I are the three Pauli matrices and
In addition, the four-fermion operator
must be included in the analysis, as it can affect the extraction of the constant G µ from the muon decay. These operators introduce NP effects in the considered observables in various ways: purely bosonic operators change the HWW , WW γ, and WW Z effective interaction vertices, thus contributing to the oblique parameters; operators with fermionic vector currents affect HV ff and V ff effective vertices; operators with fermionic scalar currents change the effective Yukawa couplings.
In our analysis, we consider only one Wilson coefficient at a time and fit it first to the EWPO and Higgs-boson observables separately, and then to the combination of both. Our results are summarized in table 13 where we show the 95% probability regions for the ratio C i /Λ 2 in TeV −2 . It
Only EW
Only Higgs EW + Higgs can be observed that except for O HW B the Electroweak precision constraints are much stronger than the Higgs signal strength data for all the operators which contribute to the EWPO. The strong constraint on C HW B from the Higgs data is due to its contribution to H → γγ which is loop suppressed in the SM. The tight constraint on the operator O HG can be understood in a similar way, as it contributes to the Higgs production through gluon fusion, which is also loop suppressed in the SM. The bounds on the dimension-six operator coefficients in table 13 can also be translated into bounds on the NP scale for fixed values of coefficients. We show them in table 14 for three choices: C i = 1, C i = −1, and C i = ±1 obtained by marginalizing the probability distribution over the sign of the C i . For |C i | = 1, our fit indicates that the scale of new physics Λ is beyond LHC reach. However, for perturbative C i , new physics at scales Λ of O(TeV) cannot be excluded.
Notice that, by switching on one operator at a time, we discarded the possibility of cancellations among different operators, which could weaken the constraints found on Λ. Yet, in EFTs, Wilson coefficients are independent couplings so that cancellations require introducing some fine tuning. This argument, however, is only partially satisfactory. In NP searches, we use EFTs to identify a pattern of correlations among Wilson coefficients which could point to a specific UV completion of the theory. To partially address this issue, we present the pictorial representation in fig. 10 of the correlations among coefficients and observables. In this plot, a circle indicates that a
Only Higgs EW + Higgs Table 14 : Lower bounds on the NP scale in TeV obtained using only EWPO, only Higgs data, and the two combined. For each data set and each operator, three bounds are presented: assuming C i = 1, assuming C i = −1, and marginalizing the distribution over the sign of C i (denoted by C i = ±1). In the first two cases, we report, next to the bound between parentheses, the probability found by the fit for that sign choice.
given operator contributes to a specific physical observable and the size of the circle represents the size of the contribution. Thus, small circles correspond to poorly bounded operators, while larger circles to more constrained ones. Fig. 10 is useful to see at a glance which observables are more affected by a given operator and, conversely, which operators are likely responsible for a deviation in a given observable. By construction, the displayed correlations only come from the operator structure, i.e. are low-energy correlations. Nevertheless, to some extent they could also provide information on the UV correlations among Wilson coefficients, as only operators with comparable bounds (namely same size circles) could have significant destructive interference. Of course, the ideal solution to study correlations would be fitting all the 17 operators at the same time, yet this task goes beyond the scope of the present study. This problem is sometimes circumvented in the literature by fitting a small subset of operators. While this allows for a complete control of the correlations, the choice of the subset is hardly justified in a fully model-independent analysis.
Conclusions
We have updated the EW precision fits in the SM and beyond taking into account recent theoretical and experimental developments. The results of the SM fit are presented in table 1, while the constraints on the NP parameters (the oblique and epsilon parameters, and the modified Zbb and HVV couplings) are summarized in tables 2-7. Furthermore, we have performed fits of the scale factors of the Higgs couplings to the Higgs signal strengths and the EW precision data as summarized in tables 8-12. The same data have been used to constrain the Wilson coefficients of the dimension-six operators in the weak effective Lagrangian. Results are collected in tables 13 and 14. An extended discussion of these results and their implications will be presented in a future publication [74] .
